ABSTRACT Background: Data from in vitro and animal studies support a protective role for tea in the etiology of digestive system cancers; however, results from prospective cohort studies have been inconsistent. In addition, to our knowledge, no study has investigated the association of tea consumption with the incidence of all digestive system cancers in Chinese women. Objective: We investigated the association of regular tea intake ($3 times/wk for .6 mo) with risk of digestive system cancers. Design: We used the Shanghai Women's Health Study, a populationbased prospective cohort study of middle-aged and older Chinese women who were recruited in 1996-2000. Adjusted HRs and associated 95% CIs were derived from Cox regression models. Results: After a mean follow-up of 11 y, 1255 digestive system cancers occurred (stomach, esophagus, colorectal, liver, pancreas, and gallbladder/bile duct cancers) in 69,310 nonsmoking and nonalcohol-drinking women. In comparison with women who never drank tea, regular tea intake (mostly green tea) was associated with reduced risk of all digestive system cancers combined (HR: 0.86; 95% CI: 0.74, 0.98), and the reduction in risk increased as the amount and years of tea consumption increased (P-trend = 0.01 and P-trend , 0.01, respectively). For example, women who consumed $150 g tea/mo (w2-3 cups/d) had a 21% reduced risk of digestive system cancers combined (HR: 0.79; 95% CI: 0.63, 0.99). The inverse association was found primarily for colorectal and stomach/esophageal cancers. Conclusion: In this large prospective cohort study, tea consumption was associated with reduced risk of colorectal and stomach/ esophageal cancers in Chinese women.
INTRODUCTION
In 2008, w1.5 million digestive system cancers were diagnosed in women throughout the world (1) . Although digestive system cancers are less frequent than breast cancer, which is the most common cancer in women worldwide, digestive system cancers are associated with lower survival rates (2) . Among the digestive system cancers, colorectal and stomach cancers rank as the third and fourth most common causes of cancer deaths in women in the world, respectively (1) . In China, digestive system cancers combined accounted for 370,587 cancer deaths (50% of total cancer deaths) in women in 2008 (2) .
Tea consumption is a modifiable factor that has been implicated in the prevention of cancers of the digestive system (3-7).
Tea as a protective factor for cancer has support from in vitro and in vivo studies (7) (8) (9) (10) (11) (12) (13) (14) . The major tea polyphenols include catechins, such as (2)-epigallocatechin-3-gallate (EGCG) 4 , (2)-epigallocatechin (EGC), (2)-epicatechin-3-gallate, and (2)-epicatechin, which are antioxidants and also possess other cancer-inhibitory properties (7, (13) (14) (15) . For example, EGCG is the most abundant catechin and may reduce DNA damage by reactive oxygen species (13, 16) and inhibit tumor cell growth, invasion, and angiogenesis (7, 8, 10, 11) .
Despite strong experimental evidence from in vitro and animal studies to suggest a role of tea in the prevention of cancer, including cancers of the digestive system, epidemiologic studies of the association between tea intake and risk of digestive system cancers have been inconsistent (3) (4) (5) (6) (7) (17) (18) (19) (20) . In addition, few large prospective cohort studies have been conducted, particularly in Chinese populations (6, 21, 22) . A recent meta-analysis by Kang et al (4) reported an inverse association for tea drinking and risk of stomach cancer in 11 case-control studies and no association in 7 cohort studies. However, all of the cohort studies were conducted in Japan (the case-control studies included studies from both Japan and China), where tea processing and drinking habits (eg, frequency and brewing) differ in comparison with other countries, including China (4, 23) . In addition, there has been concern in past studies of potential residual confounding from lifestyle factors correlated with tea drinking, specifically smoking and alcohol consumption, because of the high prevalence of smoking and alcohol drinking in men in many Asian populations (20, 22, 24) .
We used the Shanghai Women's Health Study (SWHS), a population-based prospective cohort study, to investigate the association of tea consumption with risk of digestive system cancers in middle-aged and older Chinese women. In this cohort, few women have ever smoked or drank alcohol regularly (,3%); hence, we had the opportunity to investigate the association of tea drinking with digestive system cancers in nonsmoking and non-alcohol-drinking women.
SUBJECTS AND METHODS

Study cohort
The SWHS is an ongoing population-based prospective cohort study in Chinese women. The study methods and rationale have been reported in detail elsewhere (25) . Briefly, participants were recruited from 7 urban areas in Shanghai, China. A total of 74,941 women aged 40-70 y were recruited from December 1996 through May 2000 with a participation rate of 92.7%. The baseline survey included an in-person interview, self-administered questionnaire, and anthropometric measurements taken by trained interviewers using standardized protocols. Information was collected on demographics, diet, and lifestyle habits (eg, physical activity, alcohol, smoking, and tea consumption), menstrual and reproductive history, medical history, occupational history, and select information from each participant's spouse (eg, disease history and smoking and alcohol habits). The foodfrequency questionnaire and physical activity assessment have been validated (26, 27) . All participants provided written informed consent, and human subjects institutional review board approval was obtained by the appropriate institutional review boards in China and the United States.
For the current study, we excluded participants who ever smoked and/or drank alcohol regularly (n = 3513), were lost to follow-up since enrollment (n = 7), or had missing or implausible covariate data [missing anthropometric measures (n = 59), missing food-frequency questionnaire items for main foods of interest (n = 11), extreme daily energy intake defined as ,500 or $3500 kcal/d (n = 108), implausibly high amount of tea intake (.750 g/mo) (n = 2)], history of a gastrectomy at baseline (n = 204), cancer diagnosed before baseline (n = 1486), self-reported but unconfirmed cancer cases or cases waiting to be confirmed (n = 59), in situ cases (n = 58), and unknown type of cancer or diagnosis date (n = 124) for a final sample size of 69,310 women.
Tea consumption
At the baseline interview, women were asked if they ever drank tea regularly. Regular was defined as $3 times/wk for .6 mo continuously. Women who reported yes to ever drinking tea were queried about the age they started drinking tea and their current tea-drinking status. Former tea drinkers (only 1.1% of the cohort) were asked the age that they stopped drinking tea. Current tea drinkers were further queried about the type of tea they regularly consumed and the amount of tea (dry tea leaves) consumed per month over the past year. Updated information on regular tea consumption was obtained in the first follow-up survey, which occurred at a mean of 2.6 y (range: 0.8-4.9 y) after the baseline survey. In a validation study in 683 SWHS participants, we examined the association between green tea leaves consumed (g/d) and urinary excretion of EGC (a specific tea polyphenol) (28) . We found a statistically significant trend for increasing EGC and amount of tea leaves consumed. Specifically, the mean (25th, 75th percentiles) urinary excretion of EGC (nmol/mg creatinine) by amount of tea leaves consumed were as follows: 0. 12 
Statistical analysis
Adjusted HRs and corresponding 95% CIs were derived from Cox proportional hazards regression models with age (continuous variable) as the timescale. Entry time was defined as age at baseline, and exit time was defined age at cancer diagnosis, death, or last follow-up (31 December 2009), whichever occurred first. The reference group for all analyses was women who reported never drinking tea regularly (regular was defined as intake $3 times/wk for .6 mo). Potential confounders selected a priori (3, 6, 17) included education (elementary school or less, junior high school, high school, or more than high school), occupation (manual and agricultural workers or unknown, clerical, or professional), marital status (single, married, widowed, or divorced or separated), BMI (in kg/m 2 ) calculated as weight divided by height squared (continuous), waist-hip ratio (continuous), physical activity in standard metabolic equivalents (none, 1.0 to ,2.0, or $2.0 metabolic equivalent task hours/wk), meat intake and fruit and vegetable intake (in g/d categorized into tertiles), first-degree family history of digestive system cancer, and history of diabetes. Final models included age at baseline, education, occupation, marital status, BMI, exercise participation, meat intake, fruit and vegetable intake, family history of digestive system cancer, and history of diabetes. We also considered additional adjustment for exposure to spousal smoking, which was available for 62,137 women with a husband at the baseline interview. Adjustment for spousal smoking did not change associations (data not shown), and this factor was not included in final models.
Differences in sociodemographic and lifestyle factors by teadrinking status were assessed by using the chi-square test. In current tea drinkers, the amount of tea was categorized on the basis of the 50th (100 g/mo) and 75th (150 g/mo) percentiles (,100, 100-149, or $150 g/mo) and years of consumption was categorized on the basis of a priori cutoffs (,10, 10-19, or $20 y). Joint categories for the amount of tea and years of consumption were created by using collapsed cutoffs because of smaller sample sizes (,15 y and ,100 g/mo, ,15 y and $100 g/mo, $15 y and ,100 g/mo, or $15 y and $100 g/mo). Analyses that used the amount and duration of tea drinking were conducted only for specific cancers for which the number of cases was $100.
Tests for linear trend were conducted by using the Wald test, with scored variables for the amount and years of tea consumption treated as continuous variables. We examined the proportional hazards assumption, both graphically and by testing the significance of interaction terms for regular tea consumption at baseline and years of follow-up, and found no evidence of apparent departure from the assumption of proportional hazards. All analyses were conducted with SAS software (version 9.2; SAS Institute). Tests of statistical significance were based on 2-sided probability, and P values ,0.05 were considered statistically significant.
RESULTS
After a mean of 11 y of follow-up (761,611 person-years), 1255 incident cases of digestive system cancers were identified. Approximately 28.0% (n = 19,382) of the cohort reported currently drinking tea regularly (regular was defined as intake $3 times/wk for .6 mo) at baseline, and 1.1% (n = 788) were former tea drinkers. Most tea drinkers reported drinking green tea only (88.2%) or green tea in combination with black or scented tea (5.1%); 3.5% of tea drinkers reported drinking only scented tea [ie, jasmine tea (white or green tea plus jasmine flowers) or green, black, or oolong tea in combination with herbs, other flowers, or fruit], 1.1% drank black tea alone or in combination with scented tea, 0.7% drank only oolong tea, and 1.4% of tea drinkers drank other types of tea. The median amount of tea consumed monthly was 100 g (25th, 75th percentiles: 50, 150 g). The median years of tea consumption was 15.4 y (25th, 75th percentiles: 7.0, 24.0 y).
Age-adjusted distributions for sociodemographic and lifestyle factors by tea-drinking status and for the entire cohort are shown in Table 1 . Compared with women who reported never drinking tea regularly, current tea drinkers were younger, had a higher educational level, were more likely to have a professional occupation, and were more likely to report a family history of digestive system cancer and history of diabetes at baseline. Also, tea drinkers, compared with women who reported never drinking tea regularly, reported higher levels of daily physical activity and higher daily fruit and vegetable intake, and a slightly higher percentage were classified as overweight or obese.
Age-adjusted and fully adjusted HRs for current tea consumption of any type in association with all digestive system cancers combined and specific digestive system cancer types are shown in Table 2 . The reference group for all multivariable analyses was never regular drinkers of tea (regular was defined as $3 times/wk for .6 mo). In age-adjusted analyses, regular tea consumption was associated with a 17% reduced risk of all digestive system cancers combined (HR: 0.83; 95% CI: 0.72, 0.95). This association was not appreciably altered after adjustment for potential confounders. In age-adjusted analyses, regular tea intake was associated with a statistically significant 27% reduced risk of stomach and esophageal cancers combined; however, after adjustment for potential confounders, this association became marginally significant (HR: 0.79; 95% CI: 0.59, 1.05; P = 0.097). In both age-adjusted and fully adjusted analyses, although all HRs were ,1.0, results were not statistically significant for the associations of regular tea intake and other specific types of digestive system cancers, including stomach, colon, rectal, colorectal, liver, and gallbladder/bile duct cancers. Fully adjusted HRs for current green tea consumption alone or in combination with one other type of tea (93% of tea drinkers) in association with digestive system cancers are also shown in Table 2 ; results were similar to those for any type of tea consumption.
Results for the association of tea consumption and risk of digestive system cancers were similar to findings in Table 2 after the exclusion of the first 2 y of follow-up (HR: 0.86; 95% CI: 0.74, 1.00; P = 0.047). Results were also similar after the exclusion of women with diabetes (data not shown). The association of tea consumption and incidence of distal stomach cancer was similar to overall findings (data not shown).
The amount of tea consumed per month in association with risk of digestive system cancers (93% of subjects consumed mainly green tea) is shown in Table 3 . We found a significant trend for increasing amount of tea consumed monthly and reduced risk of cancers of the digestive system combined (P-trend = 0.01). Women who consumed $150 g tea/mo (w2-3 cups/d) had a 21% reduced risk of digestive system cancers (HR: 0.79; 95% CI: 0.63, 0.99) compared with women who never drank tea regularly. However, for specific types of digestive system cancers, none of the HRs or tests for trend reached statistical significance.
Years of tea consumption in association with risk of digestive system cancers (93% of subjects consumed mainly green tea) are shown in Table 4 . We found a significant trend for increasing years of tea consumption for all digestive system cancers combined (P-trend , 0.01) and a trend of borderline significance for colorectal cancer (P-trend = 0.05). Women who consumed tea for $20 y had a 27% reduced risk of digestive system cancers (HR: 0.73; 95% CI: 0.59, 0.90) and a 29% reduced risk of colorectal cancer (HR: 0.71; 95% CI: 0.52, 0.97) compared with women who never drank tea regularly.
We jointly examined tea amount (,100 and $100 g/mo) and duration (,15 and $15 y) (see Table S1 under "Supplemental data" in the online issue). We did not find evidence to suggest that women with both the longest duration of tea drinking and highest monthly consumption had lowest risk of digestive system cancers. For example, compared with women who never drank tea regularly, women who consumed ,100 g tea/mo and who drank tea for $15 y had a 23% nonsignificant reduced risk of digestive system cancers, women who consumed $100 g of tea/mo and who drank tea for ,15 y had a 17% nonsignificant reduced risk, and women who consumed $100 g tea/mo and drank tea for $15 y had significantly reduced risk of 19%.
With the use of data from both the baseline and follow-up survey, we investigated the association of change in tea-drinking habits and risk of digestive system cancers ( Table 5 ). This analysis was limited to women with both baseline and follow-up surveys who were cancer free at the follow-up survey (n = 63,049). Regular ($3 times/wk for .6 mo) tea consumption was defined by using the following categories: 1) never drank tea as reported at both the baseline and follow-up surveys, 2) currently drinking tea at the baseline survey only; 3) currently drinking tea at the follow-up survey only; and 4) drinking tea at both baseline and the first follow-up. Women who drank tea at both the baseline and follow-up surveys had reduced risk of all digestive system cancers combined (HR: 0.74; 95% CI: 0.61, 0.91), cancers of the stomach and esophagus combined (HR: 0.68; 95% CI: 0.45, 1.02; P = 0.062), and colorectal cancer (HR: 0.69; 95% CI: 0.52, 0.92) compared with women who did not drink tea regularly at either the baseline or follow-up survey. For women who drank tea at baseline only or follow-up only (compared with women who did not drink tea regularly at either the baseline or follow-up), there appeared to be little evidence for an association of tea consumption with all digestive system cancers combined or specific digestive system cancers, although 1 All values (except age) were directly standardized to the age distribution of the cohort. P values were determined by using the chi-square test for general association. MET-h, metabolic equivalent task hours; SWHS, Shanghai Women's Health Study.
2 Regular tea intake was defined as tea consumption $3 times/wk for .6 mo. 3 Thirteen women were missing menopausal status information at baseline.
sample sizes were small for some specific cancer types. No evidence was found for an association between tea consumption and liver or pancreatic cancer.
DISCUSSION
In this large, population-based, prospective cohort study of middle-aged and older nonsmoking and non-alcohol-drinking women, we found that regular tea consumption was associated with reduced risk of cancers of the digestive system, particularly colorectal and stomach/esophageal cancers. Most tea drinkers (93%) consumed green tea alone or in combination with one other type of tea. Women who were consistent in their teadrinking habits as assessed by intake at both the baseline and first follow-up surveys had the largest reductions in risk.
Although some previous studies, including population-based case-control studies conducted in Shanghai, China (24, 29) , support our finding of an inverse association between tea and stomach/esophageal cancers, the literature overall is inconsistent. In addition, few prospective cohort studies have been conducted (3, 4, 19, 30, 31) . A meta-analysis (2010) of 18 studies reported an inverse association for green tea with stomach cancer in 11 case-control studies (summary RR: 0.74; 95% CI: 0.63, 0.86) and no association in 7 cohort studies (RR: 1.03; 95% CI: 0.92, 1.16) (4). Results by country (all studies except for one were conducted in Japan or China) showed that the inverse association was present in Chinese studies (all case-control studies) and absent in Japanese studies (6 cohort or nested case-control and 4 casecontrol studies). Explanations suggested for the inconsistencies between studies conducted in Japan and China included 1) the reference group in the Japanese studies included few 1 HRs were estimated by using Cox proportional hazards regression models with age as the timescale and were adjusted for age, marital status, education, occupation, BMI, exercise, fruit and vegetable intake, meat intake, diabetes, and family history of digestive system cancer. The reference group was never regular tea drinkers. Regular tea intake was defined as tea consumption $3 times/wk for .6 mo. Former drinkers (n = 788) were excluded from the analysis. SWHS, Shanghai Women's Health Study.
2 Includes gallbladder and bile duct cases. Data are not presented separately for this type of digestive system cancer because of a limited sample size. nondrinkers [the prevalence of daily tea intake in Japan is high (.80%)] (4, 19) and 2) differences in the preparation of tea (green tea is processed by using steam in Japan and mainly via dry roasting in China), which could impact the type and amount of bioactive compounds in tea (4). Another possible reason for inconsistencies in studies of tea drinking and risk of stomach cancer may be residual confounding because of cigarette smoking or alcohol intake, which are both correlated with tea drinking, in particular in Asian men (20, 22, 24) . Residual confounding because of these behaviors may also explain the observation in some studies of a significant inverse association in women and a null or suggested positive association in men (19, 20) . For example, in a pooled analysis of 6 prospective cohort studies, a significant inverse association for tea and risk of stomach cancer was reported for women, but no association was shown in men, even when results were stratified by smoking status (19) . However, all of the cohorts were from Japan. To our knowledge, our study is the first cohort study of tea drinking and stomach cancer in Chinese women. In addition, we excluded ever smokers or alcohol drinkers, minimizing the concern of residual confounding from these factors.
Some studies have suggested tea consumption, in particular green tea, may reduce risk of colorectal cancer; however, results have been inconsistent (6, 17, 20, 22) . In 2006, a metaanalysis of 8 observational studies reported an inverse association for green tea and risk of colorectal cancer, which was shown to be limited to case-control studies in analyses by study design (17) . After this meta-analysis, in 2007, we reported that green tea consumption was associated with reduced risk of colorectal cancer in the SWHS (6). In the current study, we had more than double the number of cases (n = 590) and 5 additional years of follow-up. The dose-response relation of colorectal cancer risk with years and amount of tea drinking remained, although the strength of the association was less apparent than previously reported. In the current study, the strongest reduction in risk of colorectal cancer in association with tea consumption was found for women with lifetime 1 HRs were estimated by using Cox proportional hazards regression models with age as the timescale and were adjusted for age, marital status, education, occupation, BMI, exercise, fruit and vegetable intake, meat intake, diabetes, and family history of digestive system cancer. Regular tea intake was defined as tea consumption $3 times/wk for .6 mo. Women (n = 6,261) for whom the follow-up survey was missing or who had a death or cancer diagnosed before the follow-up survey were excluded from the analysis. SWHS, Shanghai Women's Health Study.
2 Includes gallbladder/bile duct cases. Data are not presented separately for this cancer type because of limited sample size. 3 Reference group was never regular tea drinkers for all associations presented. consumption of $20 y, supporting the potential importance of the role of long-term, cumulative exposure to tea in the risk and prevention of colorectal cancer. Tea drinking has been suggested to reduce risk of both liver and pancreatic cancer, although results have been inconsistent (5, (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) . Although we found a suggestion of an inverse association between liver cancer and tea drinking, results were not statistically significant. In addition, pancreatic cancer was not associated with tea intake in our study, which is consistent with the findings of some but not all previous cohort studies (37, 38, (40) (41) (42) . The lack of associations in our study for liver and pancreatic cancer may have been due to the small number of cases. With additional follow-up, we will have a larger sample size for future studies of these cancers.
Although the exact mechanisms are unclear, a protective role of tea in digestive system cancer prevention is biologically plausible on the basis of in vivo and in vitro data. Tea is a major source of polyphenols, including EGCG, EGC, (2)-epicatechin-3-gallate, and (2)-epicatechin, which are the major polyphenols in green tea, and theaflavins and thearubigens, which are the major polyphenols in black tea (7) . Tea polyphenols have antioxidant properties and play a role in several mechanisms that could inhibit the initiation and progression of cancer (7, 13-15, 43, 44) . Specifically, data from in vitro studies have suggested that tea polyphenols may be scavengers of free radicals, reduce tumor cell proliferation and angiogenesis, and induce apoptosis (7, (13) (14) (15) . In addition, evidence from animal studies for several organ sites, including the esophagus, stomach, liver, colon, and pancreas, have shown that tea polyphenols and tea constituents inhibit tumor formation and cancer-promotional cellular mechanisms such as cellular proliferation, invasion, and angiogenesis (7, 14, 15, 43, 44) .
The strengths of this study include the population-based and prospective cohort design, high baseline response rate, and high follow-up rates (.97%). Few women drink alcohol or smoke cigarettes in China; hence, by excluding women who reported ever regularly smoking or drinking alcohol, we reduced the potential for residual confounding from these lifestyle factors, a concern of previous studies of tea consumption and digestive system cancers (7, 19, 24) .
Several limitations should also be considered. First, we used self-reported data on tea drinking habits; hence, there is a possibility for measurement error in this exposure assessment. However, a validation study in 683 noncases of the SWHS, which measured one of the major specific catechins found in green tea (ie, EGC), showed a significant trend for increasing EGC and the amount of tea leaves consumed on the basis of self-reported data, suggesting our tea measurement was valid (28) . Second, we did not have information on Helicobacter pylori status, which is an important potential confounding factor. However, in the SWHS, $95% of women are estimated to be infected with H. pylori (45); hence, lack of adjustment for this factor is not a major concern in our study. Third, tea drinkers were younger, had higher education, were more likely to have a professional occupation, exercised more, consumed more fruit and vegetables, and were more likely to have a family history of digestive system cancer and diabetes in the SWHS. Although we adjusted for these factors and other lifestyle factors, we cannot rule out residual confounding due to unmeasured or poorly measured factors.
In conclusion, we found that tea consumption was associated with reduced risk of cancers of the digestive system, particularly cancers of the stomach/esophagus and colorectum, in middleaged and older Chinese women who mainly consumed green tea. Our results suggest that tea drinking may be a potential way to reduce risk of digestive system cancers in nonsmoking and nonalcohol-drinking women.
